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Abstract 
Synthesis of Ethyl 1-Nitro-1,2,3,5,6,7,8,8a-octahydro-1-naphthalenecarboxylate 
Via a Diels- Alder Pathway  
Panagiota Tsetsakos 
Peter A. Wade, Ph.D.  
 
Previously, ethyl 1-nitro-1,2,3,5,6,7,8,8a-octahydro-1-
naphthalenecarboxylate was synthesized via tandem Mitsunobu cyclization -  
[3,3]-sigmatropic rearrangement of ethyl 5-(cyclohex-1-en-1-yl)-5-hydroxy-2-
nitropentenoate.  It was obtained in 48% yield as a 90:10 mixture of 
diastereomers by this route.1 In this study, ethyl 1-nitro-1,2,3,5,6,7,8,8a-
octahydro-1-naphthalenecarboxylate was obtained by an alternate reaction 
pathway. The Diels-Alder reaction of ethyl 2-nitro-2-propenoate generated in situ 
and 1-vinylcyclohexene afforded ethyl 1-nitro-1,2,3,5,6,7,8,8a-octahydro-1-
naphthalenecarboxylate in 63% yield as a 70:30 mixture of diastereomers.  The 
same major diastereomer predominated in both the Diels-Alder and tandem 
cyclization – rearrangement routes. The yield was higher but the stereoselectivity 
was lower for the Diels- Alder route. Attempts to separate the product 
diastereomers by chromatography were unsuccessful. 
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1. Introduction 
 
1.1 Grignard Reactions 
The addition of organometallic compounds to carbonyl groups is an important 
method in synthetic chemistry for the formation of new carbon- carbon bonds. 
Typically, organolithium and organomagnesium reagents are used in these 
reactions as the nucleophiles. These types of reagents are highly reactive toward 
most carbonyl groups. With aldehydes and ketones, the tetrahedral intermediate 
is stable and alcohols are isolated after the intermediate has been protonated 
(Figure 1.1).2 In the case of acyl chlorides, anhydrides, esters, and 
carboxamides, the tetrahedral intermediate is not stable and typically undergoes 
elimination.2 The elimination reaction yields a ketone that subsequently 
undergoes a second addition step (Figure 1.2).2 
 
 
Figure 1.1 General reaction of a Grignard reagent with an aldehyde or  
ketone to form an alcohol 
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Figure 1.2 General reaction of a Grignard reagent with an acid chloride, 
ester, or carboxamide  
 
 The rate at which dissociation of the tetrahedral intermediate 
occurs depends on the reactivity of the heteroatom substituent as a leaving 
group.2 In some cases, the product can be controlled by the choice of reaction 
conditions.2  Ketones can be isolated under conditions where the tetrahedral 
intermediate is stable until it is hydrolyzed, whereas tertiary alcohols are formed 
when the tetrahedral intermediate decomposes in the presence of unreacted 
organometallic.2 The kinetics of Grignard reactions are subject to a number of 
complications. Of crucial importance is the purity of the magnesium metal used in 
the preparation of the Grignard reagent. Impurities have a major effect on the 
observed reaction rates. A thorough study that gives insight on Grignard 
reactions is one conducted by Ashby et al. that involves the reaction of 
methylmagnesium bromide with 2-methylbenzophenone in diethyl ether.3 There 
was initial complexation between the ketone and the Grignard reagent.3 The 
methylmagnesium bromide was in equilibrium with (CH3)2Mg (Schlenk 
equilibrium) that contributes to the overall reaction.3,4 The alkoxide product forms 
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a complex with the Grignard reagent and gives yet another organometallic 
species (Figure 1.3).3 
 
2 R’MgX   MgX2 + R’2Mg 
 
Figure 1.3 General mechanistic scheme of alkoxide forming a complex with 
Grignard reagent to give yet another organometallic species 
 
 Another possible mechanism for addition of Grignard reagents to carbonyl 
compounds involves an electron transfer step.5,6 The distinguishing feature of this 
mechanism is the second step. In this step an electron is transferred from the 
Grignard reagent to the carbonyl compound creating a radical anion.5,6 The 
transfer of the alkyl group to the carbon allows for the ion radical pair to 
collapse.5,6 The same product as the direct nucleophilic addition mechanism is 
formed. The electron transfer mechanism is expected to be favored over the 
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direct nucleophilic addition mechanism because of the structural features that 
stabilize the radical anion intermediate.2,5,6 Radical anion intermediates have 
been observed in several cases by ESR spectroscopy.7 It is important to note 
that the electron transfer mechanism depends on the ease of oxidation of the 
Grignard reagent. It is important to note that the Ashby mechanism has been 
largely discredited for typical Grignard reactions although it does operate in a few 
isolated cases. For example, Gajewski et al. observed that allyllithium reacts by 
the electron transfer mechanism due to its ability to oxidize easily.8  
 
1.2  Dehydration of Alcohols 
The dehydration of alcohols is an elimination reaction that normally takes 
place under acidic conditions and involves an E1 mechanism.9 The acid 
functions by protonating the hydroxy group to provide a better leaving group. 
Dehydration reactions are the reverse of acid-catalyzed hydration reactions.2 
Typically, the intermediate in these reactions is a carbocation. Loss of a proton 
from the carbocation normally favors formation of the more substituted alkene 
(overall Zaitsev elimination).  Tertiary alcohols are the most reactive types of 
alcohols followed by secondary and finally primary alcohols.  
One way to synthesize alkenes is through the dehydration of alcohols by 
using phosphoryl chloride.10,11This route often but not always avoids carbocation 
intermediates proceeding instead via an E2 mechanism.  An attempt was made 
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by Norman and Thomas to synthesize 3,3,3- triphenylpropene via 3,3,3,-
triphenyl-propan-2-ol.10 The alcohol precursor was obtained from tri- 
phenylmethylmagnesium bromide and acetaldehyde.10 The alcohol then was 
dehydrated using phosphoryl chloride in pyridine but presumably a carbocation 
formed and skeletal rearrangement yielded the alkene (Figure 1.4).10 Herz and 
Juo also used phosphoryl chloride in pyridine to dehydrate 1-vinyl- and 1-
isopropenylcycloalkanols into their corresponding dienes.11 Through NMR 
analysis it was determined that the products from 1-vinylcyclononanol, 1-
vinylcyclodecanol, and 1- vinylcyclododecanol were mixtures of E- and Z- dienes 
in the ratio of 99:1, 93:7 and 90:10, respectively.11 The isomers could not be 
separated via preparative TLC on plates that were impregnated with silver 
nitrate.11 POCl3- pyridine dehydration of 1-vinylcycloalkanols produces 
predominantly the cis isomers.11  
 
 
CH3
OH POCl3 (in pyridine) 
-H2O
CH3
1 2 	  
Figure 1.4 Dehyration of 3,3,3- triphenyl-propan-2-ol and skeletal 
rearrangement  
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1.3 Diels-Alder Chemistry 
 
Diels-Alder chemistry has played a profound role in the world of organic 
synthesis. In 1928, Otto Diels and Kurt Alder observed that butadiene reacted 
vigorously with maleic anhydride to yield cis-4-cyclohexene-1,2-dicarboxylic 
anhydride.2,12 By expanding on this discovery, Diels and Alder developed a 
general synthesis of six-membered cyclic compounds and received the Nobel 
Prize in 1950.2,12  
 
 
+
O
O
O
CH2
CH2
O
O
O
3 4 5  
Figure 1.5 D-A reaction of butadiene (3) with maleic anhydride (4) to yield 
cis-4-cyclohexene-1,2-dicarboxylic anhydride. (5). 
 
  The Diels-Alder reaction is a cycloaddition reaction that occurs between a 
diene that is typically electron rich and a dienophile that is typically electron poor. 
This reaction has been extensively studied mechanistically and computationally.  
There are numerous reported synthetic applications of the Diels-Alder reaction. It 
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is known mechanistically as a [π4s + π2s] cycloaddition based on the electrons 
that are donated by the diene and dienophile.2 In this reaction, one pi bond is 
broken and two new sigma bonds are formed. The reaction pathway is typically a 
pericyclic concerted process that occurs via a single transition state.2 Concerted 
processes are those in which the starting material is converted into the final 
product with only a single transition state and no intermediate. Dienes can be 
open chain or cyclic conjugated 1,3- dienes.2,12  Dienophiles have activated C, C 
double bonds or C, C triple bonds.2,12 Allenes and benzynes also serve as 
dienophiles.2 The best type of alkene for a Diels- Alder reaction is one containing 
electron- withdrawing groups such as CHO, COOH, COCl, CN, or NO2.2,12 The 
presence of electron withdrawing groups lowers the energy of the π* orbital of 
the alkene making it a good dienophile for electron-rich dienes.2,12 In addition to 
C, C double bonds, D-A reactions can occur on compounds that contain hetero 
double bonds that include N=C-, N=O, and –C=O.2 Dienes are generally electron 
rich meaning that most simple ones will be suitable to undergo the Diels- Alder 
reaction.2 However, when alkyl or alkoxy groups are present on the diene, it is 
more electron rich and reactivity is greatly enhanced.13,14 
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Figure 1.6 Mechanism for the Diels- Alder Reaction 
 
For the D-A reaction to occur, the diene must adopt the s-cis 
conformation.2,12 The diene and dienophile approach each other in approximately 
parallel planes.2 When the diene is in the s-trans conformation, the p-orbitals do 
not overlap effectively with the p-orbitals of the dienophile because they are too 
far apart.2 Certain structural features of the diene may modify its reactivity. For 
example, small ring cyclic dienes are frozen in the s-cis conformation, thus 
enabling them to be more reactive than open-chain dienes that have to undergo 
energetically unfavorable rotation to the s-cis conformation.2 One such open 
chain diene is butadiene, where the s-trans conformation is lower in energy than 
the s-cis conformation by 2.3 kcal/mol.2 This is a clear indication that the s-trans 
conformation is more heavily populated than the s-cis conformation. Generally, 
the conformational energy difference is not enough to prevent a diene from 
adopting the s-cis conformation and thus undergo Diels-Alder reactions.2 
Additionally, it is important to understand that substituents on the diene affect its 
conformational populations. This in turn dictates how rapidly the diene will 
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undergo the Diels-Alder reaction.  An excellent example of how substituents play 
a role in reactivity is provided by Z,Z-2,4-hexadiene.14 This compound is 
extremely unreactive due to alkyl substituents that disfavor the s-cis 
conformation.14 In contrast to Z,Z-2,4-hexadiene, cyclopentadiene is extremely 
reactive. Its reactivity can be accounted for due to its being locked in a 
permanent s-cis conformation. At room temperature, cyclopentadiene dimerizes 
and forms dicylopentadiene, although it clearly lacks an electron withdrawing 
group.2  
 
 
  
   6        7 
Figure 1.7 s-trans (6) and s-cis  (7) conformations of Z,Z-2,4-hexadiene 
 
 
 
              8                  9 
 
Figure 1.8 Cyclopentadiene (8) dimerizes to dicyclopentadiene (9) 
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The D-A reaction is a stereospecific syn addition with respect to both the 
diene and dienophile.2 The diene bonds to one face of the dienophile and the 
dienophile bonds to one face of the diene.2 This stereospecificity has been 
demonstrated with various substituted dienes and dienophiles, the simplest 
example being the reaction between ethylene and butadiene.14 Houk and 
colleagues were able to demonstrate the stereospecificity of this reaction by 
isotopic labeling.15 
 
  
 
Figure 1.9 Reaction scheme for butadiene (10) with D-labeled  
ethylene (11)   
 
  Two possible transition states, endo and exo, can occur with respect to 
the orientation of the diene and the dienophile. In the endo transition state, a 
substituent is oriented towards the π orbitals of the diene.2 More specifically, the 
p-orbital of the pi bond in the electron withdrawing group overlaps the p-orbitals 
of the central carbon atoms of the diene by means of a secondary orbital 
interaction.2 The secondary orbital interaction is thought to stabilize the endo 
D
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transition state.2 In the exo transition state, the substituent is oriented away from 
the π orbitals of the diene and this transition state is typically higher in energy 
although there is less steric hindrance.2 In the case of substituted butadiene 
derivatives, each transition state leads to different stereoisomeric products.16 The 
simplest prediction of preferred product was first developed by Alder and is 
summarized in the Alder rule, “the endo product is typically preferred in a Diels 
Alder reaction.” 2 In one elegant demonstration of the validity of the Alder rule, 
Stephenson and colleagues reacted 1,3- butadiene with maleic anhydride that 
gave the endo product in 85% yield.16 They confirmed these results through use 
of deuterium labeling.16 
 
 
 
Figure 1.10 Endo and exo adducts of Diels- Alder reactions17 
 
 
 Diels- Alder reactions typically are catalyzed by Lewis acids that include 
SnCl4, ZnCl3, and AlCl3. Dienophiles possessing carbonyl groups are most prone 
to catalysis.18 This is because the Lewis acid forms a complex with the carbonyl 
O- atom that in turn increases the electron-withdrawing properties of the carbonyl 
group.18,19 As a result of this complex, both reactivity and selectivity of the 
8 4 
13a 
8 4 
13b 
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dienophile increases with respect to the uncomplexed dienophile.18,19 Birney and 
Houk performed HF/3-21G level computations on transition state structures that 
support these basic features.19  
 
2. Results & Discussion 
 Previously, ethyl 1-nitro-1,2,3,5,6,7,8, 8a-octahydro-1-
naphthalenecarboxylate was synthesized via a tandem Mitsunobu – [3,3]-
sigmatropic rearrangement route. In a preliminary study, an alternate synthesis 
employing a Diels-Alder reaction was investigated. Here the Diels-Alder route 
was further investigated. Ethyl nitroacetate was used as the precursor to the 
dienophile ethyl 2-nitro-2-propenoate. The dienophile was formed in situ by the 
nitroaldol reaction between ethyl nitroacetate and formaldehyde (Figure 2.1). The 
appropriate diene used was 1-vinylcyclohexene. This Diels-Alder reaction was 
done in an effort to confirm the structure of ethyl 1-nitro-1,2,3,5,6,7,8, 8a-
octahydro-1-naphthalenecarboxylate and in particular to determine the isomer 
ratio and potential isomer separation (Figure 2.2). 
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14 15 16
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Figure 2.1 Nitroaldol reaction of ethyl nitroacetate (14) with formaldehyde (15) to 
form ethyl 2-nitro-2-propenoate (17) 	  
 
Here the isomer ratio of 19a and 19b (70:30) was determined. The ratio 
possibly reflects the competing secondary orbital interactions in the cycloaddition 
transition state (Figure 2.3).  Either the nitro group or the ester carbonyl group 
could be placed endo and interact with the developing C,C double bond.  The 
transition state leading to the preferred isomer apparently has the ester group 
placed endo.   
 
O2N
OEt
CH2
O
+
CH2
18 17
O2N CO2EtH
O2N CO2EtH
+
19a 19b
 
Figure 2.2 Diels- Alder Reaction of 1-vinyl cyclohexene (18) with ethyl 2-nitro-2-
propenoate (17) to yield cycloadducts 19a and 19b   
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Figure 2.3 Transition states and cycloadducts 19a and 19b 
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Figure 2.4 Major and minor isomers 19a and 19b 
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To prepare 1-vinyl cyclohexene, a literature procedure was followed.20 
This involved a two- step synthesis. In the first step, the alcohol precursor 1-vinyl 
cyclohexanol was synthesized in 89% yield via a Grignard reaction using 
cyclohexanone and vinyl magnesium bromide. (Figure 2.4)  
 
O
+ MgBr
OH
20 21 22  
Figure 2.5 Preparation of 1-vinyl cyclohexanol 
 
The second step was the alcohol dehydration step. Here, 1-vinyl cyclohexanol 
dissolved in pyridine was dehydrated using POCl3 leading in 82% yield to the 
desired product, 1-vinyl cyclohexene (Figure 2.5).  
 
	  
+
OH
pyridine
P
O
Cl
Cl
Cl
22 23 18  
Figure 2.6 Dehydration of 1-vinyl cyclohexanol (22) into 1-vinyl cyclohexene (18)  
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The dehydration mechanism involves initial formation of a dichlorophosphate 
ester that undergoes E2 elimination as seen in Figure 2.6. In order to confirm that 
1-vinyl cyclohexene was formed 1H NMR was used to confirm the product 
structure. The 1H NMR spectrum exhibited an ABX vinyl pattern consistent with 
the known spectrum of 1-vinyl cyclohexene. Additionally, a signal at δ 5.74 
attributed to the vinyl proton on the ring was observed. 
 
 
Figure 2.7 The mechanism of the dehydration of 1-vinylcyclohexanol 
 
To synthesize ethyl 1-nitro-1,2,3,5,6,7,8, 8a-octahydro-1-
napthalenecarboxylate, the Diels-Alder reaction of 1-vinylcyclohexene with ethyl 
2-nitro-2-propenoate was carried out. A single regioisomer was obtained in 63% 
+ P
Cl
Cl
Cl
O
- H+
OPOCl2
H
N+
N
+
H
++
OH
P
O
-
Cl
Cl
O
22 23 
18 
24 
17	  
yield as a 70:30 mixture of the two diastereomers 19a and 19b (Figures 2.2-2.4). 
The product was purified by flash chromatography on silica gel and 19a and 19b 
were obtained as a single band.  Attempts to separate the two diastereomers 
were made.  Using preparative TLC, a single band was obtained that was cut into 
two segments. Analysis of the two fractions indicated that the isomers could not 
be separated. Various solvent systems were used and it was observed that both 
isomers coeluted and no separation was obtained.  
 
3. Experimental 
3.1 Preparation of 1-vinylcyclohexanol (22)  
 A 1.0 M solution of vinylmagnesium bromide in THF (100 mL; 0.1 mole 
C2H3MgBr) was added to a round bottom flask under nitrogen and was cooled to 
0-5 oC using an ice bath. A solution containing cyclohexanone (6.54 g, 67 mmol) 
in THF (65 mL) was added dropwise over 25 minutes to the flask containing the 
Grignard reagent. Once the addition was complete, the resulting solution was 
heated under reflux for 2 hours and allowed to cool to room temperature.  A 
saturated aqueous solution of ammonium chloride (200 mL) was added to the 
flask.  The mixture was then extracted with ether (three 150 mL portions). The 
combined ether extracts were washed with water (150 mL), dried over anhydrous 
magnesium sulfate, filtered and concentrated at reduced pressure. The crude 
18	  
product amounted to 7.55 g (89% yield) of a colorless oil. The 1H NMR and 13C 
NMR were identical to the spectra found in the literature.20  
 
 
 
 
 
3.2 Preparation of 1-vinylcyclohexene (18)  
 1-Vinylcyclohexanol (3.0 g, 24 mmol) prepared above was placed in a 
round bottom flask and was diluted with pyridine (12.6 g, 160 mmol). Then the 
resulting solution was cooled to 0-5 oC using an ice bath.  A 10% excess of 
POCl3 (2.4 g, 30 mmol) was added dropwise over 15 minutes to the 1-
vinylcyclohexanol solution. Once all the POCl3 solution was added, the ice bath 
was removed and the reaction was stirred at ambient temperature for 24 hours. 
The mixture was then poured into ice-water (75 mL) allowing all the pyridine salts 
to dissolve. The resulting mixture was then extracted with pentanes (three 75 mL 
portions). The combined organic layers were dried over anhydrous magnesium 
sulfate, filtered and concentrated under reduced pressure. The crude product 
was an oil and was purified via flash chromatography over silica gel (70:30 
EtOAc-hexanes eluent) giving 2.1 g of 1-vinylcyclohexene as a colorless oil (82% 
OH
1
4
5
6
7 2
3
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yield). The product appeared to be 98% pure from its 1H NMR spectrum. The 1H 
NMR and 13 C spectra are identical to the spectra found in the literature.11 
 
 
 
 
 
3.3 Preparation of ethyl-1-nitro-1,2,3,5,6,7,8, 8a-octahydro-1-
naphthalenecarboxylate (19a,b)    
Ethyl nitroacetate (1.0 g, 8.0 mmol), formalin (37% solution, 2.83 g), 1-
vinylcyclohexene (0.26 g, 2.0 mmol), acetic acid (1.43 g, 4.5 mmol) and THF (10 
ml) were added to a round bottom flask and the resulting mixture allowed to stir 
under nitrogen for 24 hours at 40 oC. When the reaction was complete, volatiles 
were removed under reduced pressure. Then the crude residue was dissolved in 
dichloromethane (100 mL) and washed with brine (75 mL). The organic layer was 
separated from the aqueous layer. The organic layer was washed with water (75 
mL), dried over anhydrous sodium sulfate, filtered, and concentrated at reduced 
pressure. The crude product appeared as a yellow oil. It was purified by flash 
chromatography on silica gel (70:30 hexanes:EtOAc eluent) to give 0.15 g of  the 
nitro compound (63% yield). The 1H NMR spectrum indicated that the product 
1
4
5
6
7
2
3
8
20	  
was a 70:30 mixture of two diastereomers. Separation of the two isomers was 
attempted several times using several solvent systems using TLC plates. Solvent 
systems that were examined included 70:30 ethyl acetate: hexanes, 80:20 ethyl 
acetate:hexanes, 85:15 ethyl acetate: hexanes, and 90:10 ethyl acetate: 
hexanes.  Thus, 85:15 ethyl acetate: hexanes was used to develop four 250 
micron preparative TLC plates that each had been spotted with 30 mg of the 
previously purified mixture.  After the plates developed and were put under a UV 
light, an extremely thin band was seen. The band was cut into a top half and a 
bottom half in an attempt to separate the isomers. The 1H NMR spectra of each 
band indicated that no separation had occurred. The percentage of both bands 
indicated a 70:30 ratio of the two isomers leading to the conclusion that the 
isomers coeluted. 
 
Ethyl 1-nitro-1,2,3,5,6,7,8,8a-octahydro-1-naphthalenecarboxylate: IR (neat) 
1548, 1348 cm-1 (NO2), 1753 cm-1 (C=O), 1248 cm-1 (C-O); 1H NMR: δ 5.36 (dd, 
1H, H6), 4.24- 4.28 (q, 2H, -OCH2), 3.00-3.03 (dd, 1H, H1), 2.55-2.58 (dd,1H, H2), 
2.35-2.39 (dd, 1H, H3), 1.31- 1.57 (m, 6H, H7- H12), 1.25-1.28 (t, 3H, CH3. 13C 
NMR: δ 13.8 (C13), 22.5 (C7), 25.2 (C8), 26.2 (C9), 28.7 (C3), 29.8 (C9), 35.9 (C6), 
43.1 (C10), 62.7 (C12), 95.2 (C1), 116.0 (C4), 140.0 (C5), 166.2 (C11), m/z 
254.1388. Found: m/z 254.1392.  
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O2N CO2EtH 1
2
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7
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9
10 +
O2N CO2EtH 1
2
3
4
5
6
7
8
9
10
(70%) (30%)
19a 19b
 
 
 Commercially available reagents and solvents from Aldrich and Alfa Aesar 
were used without further purification. THF was refluxed using sodium metal 
under N2. All 1H NMR spectra were obtained using a 500MHz Varian Unity Inova 
NMR instrument. All 13C NMR spectra were obtained using a 300 MHz Varian 
Unity Inova NMR instrument. CI (methane) mass spectra were run on a Sciex 
API3000 triple quadrupole mass spectrometer. IR spectra were run using a 
Perkin-Elmer (PE) Spectrum One Fourier-transform infrared absorption 
spectrometer.  
 
  4. Conclusions 
 Previously, ethyl 1-nitro-1,2,3,5,6,7,8,8a-octahydronaphthalene-1- 
carboxylate was synthesized as a 90:10 mixture of two diastereomers in 48% 
yield via the Mitsunobu cyclization – [3,3]-sigmatropic rearrangement route.1 
Kotowich noted that the initial cyclization was followed by a spontaneous [3,3] 
sigmatropic rearrangement of the O-allyl nitronic ester intermediate resulting in 1-
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nitro-1,2,3,5,6,7,8,8a-octahydro-1-naphthalenecarboxylate.1  Additionally, the 
higher preference for one diastereomer over the other diastereomer is also very 
noteworthy. The Mitsonobu cyclization - sigmatropic rearrangement route was 
shown to be a successful means to synthesize ethyl 1-nitro-1,2,3,5,6,7,8,8a-
octahydro-1-naphthalenecarboxylate. In this study it has been confirmed that 
ethyl 1-nitro-1,2,3,5,6,7,8,8a-octahydro-1-naphthalenecarboxylate can also be 
synthesized via a Diels- Alder reaction. However, it is important to note that the 
D-A route was less stereoselective than the Mitsunobu cyclization - 
rearrangement route. The 1HNMR spectrum of the D-A product revealed a 70:30 
mixture of the isomers from this route.  Separation of the diastereomers of ethyl 
1-nitro-1,2,3,5,6,7,8,8a- octahydro-1-naphthalenecarboxylate was attempted but 
no separation was observed as the isomers coeluted using ethyl acetate–
hexanes at different proportions as the eluent. 
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Appendix A 
1HNMR Spectrum 
 
   
 
O2N CO2EtH
+
O2N CO2EtH
19a 19b
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13C NMR Spectrum 	  	  	  
  
 
 
 
 
 
 
 
O2N CO2EtH
+
O2N CO2EtH
19a 19b
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